Background: Assessment of the hemodynamic significance of a coronary artery stenosis is a challenging task, being extremely important for the establishment of indication for revascularization in atherosclerotic coronary artery stenosis. The aim of this study was to evaluate the role of a new marker reflecting the functional significance of a coronary artery stenosis, represented by the attenuation degree of contrast density along the stenosis by Coronary CT. Material and Method: We evaluated retrospectively 30 patients with angina and coronary luminal narrowing, who underwent 64-slice Coronary Computed Tomography Angiography. We measured the stenosis degree, intraluminal contrast density (Hounsfield units [HU]) at two levels, proximal and distal to stenosis, and the attenuation gradient was calculated on this basis. Results: The average contrast density was 77,96 UH proximal to the stenosis and 67,6 UH distal to the stenosis. The average transluminal gradient was 10,36. The average length of the coronary lesions was 16,93 mm. In those lesions with significant stenosis, expressed by >70% luminal narrowing, we recorded a significantly higher transluminal attenuation gradient as compared to those with <70% luminal narrowing (6.16 +/-3.7, 
Introduction
Coronary artery disease remains a leading cause of death worldwide and still has an increasing prevalence. Therapeutic decision of revascularization depends not only on stenosis degree but also onlesion characteristics including its hemodynamic significance [1] .
Development of imaging techniques including Coronary Computed Tomography Angiography offered the possibility of evaluating coronary arteries noninvasively [2, 3] . With an improved spatial and temporal resolution, the 64-slice CT has an increasing role in indication for revascularization [4] .
Currently there are several types of atherosclerotic lesions in whichthe strategy is not clear and the choice of treatment is difficult due to lack of clear recommendations, based on clear evidence, while the evolution of these patients largely depends on the type of treatment selected [5] . Such situations are recorded in case of coronary stenosis between 50% and 60% and also in case of the so-called non-significant 30-40% stenoses which associate typical symptoms or ECG changes.
The aim of our study was to evaluate a new imaging marker, represented by the degree of contrast attenuation along a coronary stenosis, thatcould provide functional information aboutthe hemodynamic significance of coronary stenosis, based on assessment of the contrast density along the lesion using Angio CT.
Material and Methods
In this retrospective study we examined 30 consecutive patients who presented with chest pain in the period June 2014 -October 2014. Exclusion criteria from the study were renal insufficiency, allergy to contrast medium and unstable condition with incapacity to perform breath-hold. Based on reported symptoms and laboratory findings patients, were scheduled to undergo a Coronary Computed Tomography Angiography examination.
Two days before the examination any biguanide (oral antidiabetic medication) was stopped and oral Metoprolol LPH 25-50mg (LabormedPharma Romania) was given to achieve resting heart rate higher than 65 beats/min. An intravenous line was placed for contrast administration in the right antecubital vein.
The patients were divided into two groups, according to the severity of their coronary stenosis: group 1, with the degree of luminal narrowing <70%, and group 2, with the degree of luminal narrowing >70%. Baseline characteristics of the study population showed no significant differences between the group with >70% stenosis and the group with <70% stenosis in terms of age ( 55.72 y in gr 1 versus 59.66 y in group 2, p=0.22), or risk factors (smok-ers, hypertension, dyslipidemia, p=ns). The only parameters that showed statistical significance at baseline was the presence of diabetes ( Figure 1 ).
All examinations were performed using multi slice 64Somatom Sensation CT(Siemens, Germany). Used parameters were 64x0.5 mm slice collimation, 0.33 gantry rotation time, tube current 390 mAs/rotation, tube potential 120mV. Coronary angiography scan was obtained with injection of 60 ml of nonionic contrast medium (Iopamidol, Bayer HealthCare 370 mg I/ml) at a flow rate first with 4 ml/s followed by 20 ml at 2.0 ml/s. Scanning was made in the arterial phase using bolus tracking automatic contrast administration with the region of interest (ROI) set in the descending aorta. CT reconstructions were made to select the phase with least motion artifacts.
We measured the length of each stenoticlesion and the coronary intraluminal contrast density (Hounsfield units [HU]) at two levels: proximal and distal to the stenotic area. We calculated the attenuation gradient as the difference between the prestenoticand the poststenotic contrast density values (figure 2).
Our study was approved by the institutional review board of the clinical unit where the study was conducted and informed consent for using their data for the scope of the study was obtained from the patients.
Results
The average contrast density was 77.96 UH at the level proximal to the stenosis and 67.6 UH at the level distal to the stenosis. The average transluminal gradient was 10.36 and the average length of the coronary lesions was 16.93 mm. There were no statistically significant differences between the groups in terms of the stenosis length (17.83+/-7.16mm, 95% CI: 14.27-21.39 versus 15.58+/-6.17 mm, 95% CI: 11.66-19.5, p=0.312).
In those lesions with significant stenosis, expressed by >70% luminal narrowing, we recorded a significantly higher transluminal attenuation gradient as compared to those with <70% luminal narrowing (6.16 +/-3.7, 95% CI: 4.3-80 vs. 16.6 +/-8.4, 95% CI: 11.3 -21.9). The degree of luminal narrowing significantly correlated with the contrast attenuation gradient (r=0.71, p<0.001) (Figure 3 ).
Discussion
Intraluminal contrast density gradient determination using Coronary Computed Tomography Angiography provides new information useful for complex characterization of the stenotic lesions located in the coronary arteries [6, 7] . We observed a significantly higher contrast density gradient in case of significant stenosis with luminal narrowing >70%, as compared with the stenosis with luminal narrowing <70%. Our study demonstrates that in patients with significant stenosis, this gradient was 16.6 +/-8.4 compared to 6.16 +/-3.7 for the patients with less severe stenosis.
Like Nakanishi et al [8] we observe that the translesionalgradient brings new useful data regarding coronary artery stenosis. Also, this investigation does not require any additional explorations and it's not time consuming in comparison with the standard CCTO evaluation.
This difference is associated, in our opinion, with the hemodynamic impact of the stenotic lesion on the blood flow, that could trigger significant perturbances in the coronary that could change from laminar into turbulent. Flow changes could also accelerate the atherosclerotic process via increasing the action of hemodynamic forces on the atherosclerotic plaque. Based on a positive feed-back mechanism, it is possible that significant hemodynamic stenotic lesions could progress more rapidly than significant stenotic lesions without hemodynamic impact, which is reflected in our study by a lower intraluminal contrast density gradient.
Through a positive feed-back mechanism, it is possible for significant stenotic lesions to develop differently, in accordance to their hemodynamic significance, which is expressed in our study by the intraluminal contrast density gradient.
The sensitivity and specificity of this new marker, the intraluminal contrast density gradient, as it has been evaluated by Nakanishi R et al. [8] seems to be high enough to be useful in differentiating coronary atherosclerotic lesions, according to their severity. Thus, FFRCT seems to be more accurate than classic CCTA in identifying coronary lesions and could be introduced in the future in the routine algorithm for characterization of the significance of coronary plaques.
Coronary Computed Tomography Angiography is a routine examination that represents an important step in the evaluation of patients with chest pain, according to the present guidelines. Intraluminal contrast density gradient determination for a coronary stenotic lesion is not a time consuming method, as it does not need another investigation beside the standard Coronary Computed Tomography Angiography. That is why it can be easily achieved in medical imaging centers with experience in Coronary Computed Tomography Angiography.
Conclusion
Intraluminal contrast density gradient is associated with the severity degree of the coronary stenosis and could represent a new marker useful for the complex assessment of the functional significance of a coronary lesion.
Further studies are required, on larger patient populations, for a more complex assessment of the role of this new marker in defining the functional significance of a coronary lesion. Also, follow-up studies are required in order to evaluate the correlation between MACE rates and the contrast density gradient along a coronary artery stenosis, as a measure of its significance.
